Zumbro River Watershed

Restoration Prioritizabn

",
:
x
N k

ENVIRONMENT

AND NATURAL RESOURCES

ZUMBRO TRUST FUND

WATERSHED PARTNERSHIP

BARR

_ www.zumbrowatershed.org



This document has been prepared in partial fulfillmera wbrk planapproved 6/23/201Funding

for this project was provided by the Minnesota Environment and Natural Resources Trust Fund
as recommended by the Legislat@dizen Commission on Minnesota Resources (LCCMR).
multifaceted teaned by the Zumbro Watershed Partnershgs assembled identify and prioritize
areas in the Zumbro River Watershed that are critical for restoring and protecting water quality
Team members consisted of Barr Engineeand theUniversity of Minnesotawith significant input

from various Soil & Water Conservation District (SWC&)d municipaktaff, State agencyMDA,

MPCA, BWSR, MDNR)staff andotherwatershegractitionerghroughout the Zumbro River
watershed

Cover photacourtesy olUSDA NRCS Photo Gallerlgttp://photogallery.nrcs.usda.gov/

All other photos/mapscourtesy olUMN, ESRI® ArcGIS, MNGeo, and FSA NAIP



Overview | 2014

Table of Contents

ADDreviations and SYMDOIS...........uiiiiii e eeeer e e e e e e e e et et e e et ————aaaeaeeee e ————————————— ii
IMANUAT OVBIVIBWM ...t eeeee et eeee ettt smmme et ettt e e e e e e e 22 e emnns s e e e e e e e e eeaeeeeeeeeannnneeeeeeeeeeeeees 1
Digital Terrain ANalySiS ManUAL............ooooii i e e 3
L@ Y= 1 SO URPPPPPPPPUPUPRTR 3

o (0T o U =P 4
(D= ez R= oo [ U] S (o o AP PP P TP SPUPPTPT 5
PrEeproCESS DEM........ ittt e ettt e e e e e e ne et e e e e e e e e e ane e e e enne 7
Calculate primary attriDULES. ........oooii e e ee bbb 16
Calculate secondary attriDULES...........oooi i eree e e e e s eeee e e e e e e e e eeaeas 22
Visualizing terrain attribDULES ..........ei e 24
Determining threSNOIAS .........ooo oo e e eeer e e e et e e e e e e e eeeeeeean 32
RaNK SECONAArY AttrIDULES. ... ...t et e e e e e e e e e e e e e e e e e 43
Locate and prioritize POteNtial CSAS. ....ccoii i it naann 44
CSA oULPUL AN EVAIUALION..........eeiiiiiiiiii et s e e e e e e e e e e eseera s e s e e e e e eeeeeeeeeeseessnnneeeaaeeeseeesnssnnnnas 57
CASE STUTIES.....ce e iiiiieii ittt e ree ettt et enans sttt ettt ettt e e e e e e e e semme et e e eaaeaeaeeeeeeeeeeeanammneeeeeeeeaeaanannnnas 58
Y7 B P 1o PP T PP PP RPPPPPPPR 59
ROCNESTIEN PIALBEL........coe i iiiiiieeee et eees bbbttt ettt e e e s sanse et e e e eeeeaeaeeeeeeeeeasammeeeeens 62
BIUFFIANGS. ...ttt et e e e e e e e e emmr e e e e e e e e e e e e eeeeeeeeeessnmnneeeeeaeeenennnnnnd 65

Y (=TS VAV LY 4 (=T 1Y, o] = U= OO 68
StEEP DIYEI MOTAINE.......cci ittt er e e e e e e e e e e e e e s smaesaaaeaeeaeeeaaaeeeeeseessrnnnns 69
(O o1 17> I I | O RTTTTP 72
WEEr ClAayS & BES ..ottt e e e e e e e e e e e ettt mne e e e e e eeeeeeeeeea e e 74
LAY 0] T 1 =T o S PPPTRRRRN 75
F Y 0] 01T o b PP PP PPPUPPPPPPP 76
A.1 Digital terrain analySiS aCCUIaCy FESULLS...........uuuuiiiiiiiiieeeiiiiiiii e e e 76
A.2 Create Area of Interest DEM manually using ClHp........cooooiiiiiiiiiicce e 81
A.3 Create Stream Power Index for ravine identificatiQn..............coooiiiiecciiiiii e 82
A.4 Calculating thresholds using R statistical package.............ooovoiiiicce e 88
A.5 Determine the cell count of your raster layer Of INTELESL..........uviiiiiiiiieeeiiiiiee e 92
A.6 Delineate catchments using NRCS GIS Engineering TOOIS...........uuuuiiiiiieemiiiiiiiiiiiiiiiicee e 94
A.7 Identification and prioritization of potential bank erosion locations...............ccvviieeciiiiiiiieeenennnnn. 99

| | Zumbro River Watershelestoration PrioritizatioDigital Terrain Analysis



Overview | 2014

Abbreviations and Symbols

BMP
CP
CPI
CSA
CTI
DEM
DTA
ESRI
GIS
GPS
HUC
LiDAR
NPS
NRCS
PMZ
SDP
SPI
SSURGO
TA
TMDL
USDA

USLE

Best ManagemerRractice

Conservation Practice

Crop Productivity Index

Critical Source Area

Compound Topographic Index

Digital Elevation Model

Digital Terrain Analysis

Environmental Systems Research Institute
Geographic Infanation System

Global Positioning System

Hydrologic Unit Code

Light Detection and Ranging

Non-Point Source (pollution)

National Resource Conservation Service
Priority Management Zone

Sediment Delivery Potential

Stream Power Index

Soil Survey Geographic Database
Terrain Analysis

Total Maximum Daily Load

United States Department of Agriculture
Universal Soil Loss Equation

Elevation
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Manual Overview

This document mvides digital terrain analysis methods and proceduresdating Critical Source Area (CSA)
predictions in association with t@Z®imbro River Watershed Restoration Prioritizatma Sediment Reduction
project.lt is to be used in conjunction with the Fidddsessmerand Sensitive Site Identification Guidance
manuas.Di gi t al terrain analysis is the preferred me:
quality, readily accessible input dalibhas been the focus of several recent studies in Minnesota with overall
accuracies ranging from 8% (seeAppendix section A.1 for details)yhe project is seeking to determine the
feasibility of using existing LIDARand other GIS data to identify and ranksa of CSAsthroughout the

Zumbro River Watershed. Thop 50 ranked sitefsom thelist will then be targeted for Best Management
Practice(BMPs) implementatioplanningfor theirmore significant, largescale, wateguality benefitsFor

this project, GIS software is used to perform a terrain analysis, which employs elevation data to characterize
physical features of the landscape. Terrain analysis can be used to identify locations with a high potential for
erosion and pollutant runoff. These identified source areas can then be assessed for further evaluation.
Additional spatial analysesmnalsobeincorporated, including source proximity to a water badgsoil

erosion riskfactors Terrain analysis and other spatial analyses do not eliminate the need for field assessment:
However, they can reduce the amount of time spent in the field andcentiata collection efforts by enabling
technicians to select potentially sensitive sites.

It is important to note that many of the sites identified as sensitive by the GIS analysis will already have
appropriate management and operatidiusl these tools also provide an important opportunity to recognize
producer accomplishments and track program progress necessary for supporting basin managentaht and To
Maximum Daily Load efforts.
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Digital Terrain Analysis Manual

Overview

Thismanual requires the use of Es8 A rcanfputed softwaravith Spatial Analyst extensiomstalled The
basic version (ArcView license) is sufficigior themethodsdescribed in this manualhis manual is also
desgned to accommodate us@fseitherArcGIS versions 9.0 to 9.3.1 @0.0 to 10.2 the former will be
referred to as 9.x and later as 10.x from here&ddher GlSbased software programs that are able to process
large raster datasets and calculatgdal map algebra should wor@rfterrain analysis processgitut will not

be covered in this manual

The terrain analysis process involves combining primary attritboitesm secondary attributes. There
primary attributes used for this terrain analysis incllole direction flow accumulationandslope. Secondary
attributesncludeStream Powemidex (SPI) ad Compound Topographiciidex (CTI).

SPI is calculated as the productlo¢ natural log of botklope and flow accumulatiorligh SPIvalues

displayed in GIS represeateason the landscape whehngyh slopes and flow accumulations exiat this

areas where flowsanconcentratavith ercsive potential For this reason, SPIvery useful fordetermining
potential CGitical SourceArea (CSA)locations CTl is thequotient of loth slope and flow accumulationt can
show areas on a landscape that pond and store water, and is therefore useful for locating potential wetland
locations. The plan and prddilcurvature terrain attribigarealso used primarily to identify upland sinkhole
locations andto aid in ravine identification (see appendix sec#oB).

3 I Zumbro River Watersheldestoration PrioritizatioDigital Terrain Analysis



Digital Terrain Analysis Technical Manual 2014

Procedure
The digital terrain analysis core preses can be visualized using the followflogv chart(fig. 1).

Planning/Goals
§_—1/— Pre/post
process

Data Acquisition

- ArcMapprocess
Pre-processing

Pit Fill, Filter, Stream

Burn, Other ArcMaplayer(9

Calculate Primary Terrain Ancillary Data Calculate Primary Terrain
Attributes il Attributes

Ground Truth

Calculate Secondary Terrain §_ﬁ/_ Calculate Secondary Terrain

Attributes Locate and Prioritize Attributes

Potential Critical Source
Areas
Validate/Report Decision
I R

Figure 1. Digital terrain analysis flow chart

Digital terrain analysis begins with a planning process whejeqt goals are established arappropriate

scale for assessmagtdefired The spatial scale will determine the amount of dataisitigun necessarto

address project goals. Thérdtutes created may or may not require-precessing. This again is at the

discretion of the mjectgoals. The attributesre either primary or secondary in nature, depending on whether
they derivedirectly from elevation data or a secondary prodiiee attributes, when combined with relevant
ancillary data, should provide enough information to locate and prioritize potentiablC3itiarce Areas

(CSAs) Ground truthing is an important step necessarelatemapping to plannedoals. The objective of

ground truthing is to determine bdgtthreshold values for a given Area of Interest (AOI) by comparing digital
terrain attributes to reavorld conditionsWhen thresholds have been establishedAs3&n then be located

and prioritized using a combination of primatyributes secondary attribuge andancillary dah. CSA

validation is used to determine accuracy of predictions and reveal the existenoaitsion and omission

errors. This step iindamentato the user learning procesice locating potential CSAs digitally is an

adaptive procesand validation providespportunitieso improvevisualization and prediction technigques.
Evaluationof site conditionshould accompany field validan. The Field Assessment and Sensitive Site
Identification Guidance manuals were developed to assist in site evaluatidrisdirect efforts and track

results when visiting priority sites in the fielthe final step is to make decisions regarding maddress
field-verified CSAs. This may involve contacting and working with land owners, determining which BMPs are
most suited for the agroecoregion, and/or securing conservation practice funds for BMP implementation, amc
others.
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Data acquisition
For the initial primary attribute calculatiormly a raster DEM is required, but ancillary data will be
necessaryo createCSA predictions most of which are available at the Minnesdtiata delbwebsite:
http://deli.dnr.state.mn.us/

T

Digital Elevation Model (DEM) A Digital Elevation Model contains one elevation value (as

measured above Mean Sea Level) in each pixel, or cell, of datdlyld iDAR elevation data

shouldbe used in terrain alyais for its highspatial resolutiomndaccuracycharacteristics. LIDAR

data areavailable for the entire State of Minnesota, downloadable at the county level fronoéither

the two links below

ftp://ftp.Imic.state.mn.us/pub/data/elevation/lidar/

ftp://lidar.dnr.state.mn.us/

Li DAR data from the above s3metercesdutions. Digital de DE

terrain analyses are best processed using a 3 meter DEMitoize procesig times andile sizes

while maintaining a high level of elevation dei@alzki, et al., 2011)

o Note:When downloading LIDAR data, an ftp clientcbuas FileZilla should be used due to large
file sizes associated with LIDAR geodatabases. LIDAR datasetsrftg sounties exceed 5
gigabytesand can be computationally inefficient to acquire and process. In some cases, it may t
necessary to use lowersmution DEM data. 30m DEM data is still readily available throughout
the state, though it should be noted that thisauilisiderablyeduce the ability to accurately
predict CSA location§Srinivasan et al., 2009).

Surface waters Current stream data containing both perennial and intermittent networks along with

lake/wetland layers will be necessary to determine hydrologic connection to secondary attributes.

Watershed catchmeritsNVatershed data at various spatial scales. Thesgyically ordered from

the number of digits in a hydrologic unit code (HUG)om 2 digits representing regional

watersheds to 12 digits representing subwatersheds. These layers are also convenient for use as ¢

output extent when creating a clippedtea subset (see DEM clipping in Ryocess section).

Cities and political boundaridgsPolitical boundaryand populated area data can be udefuspatial

orientation, locatingireas of interesandimprovingmap presentation.

Land cover/land usé Themost current National Land Cover Database (NLCD) raster layer.

Envirormental Benefits Indek The EBI layer integratesoil erosion risk, water quality risk and

habitat quality factors to determine the relative conservation value of a parcel df tambe

useful for locating regions with high erosion risk. The Soil Erosion Risk portion of the EBI can also

be used alone to aid with CSA placemdiite EBI and its individual layers aa@ailable at a 30m

resolution for mosof the State of Minnesota here

http://www.bwsr.state.mn.us/ecological_ranking/

NRCSGIS Engineeringoolsi The freewarg@ythonbased toolsas compatible with ArcGIS 9.3

and 10.x, allowing foseamlesstegration and familianyser friendlyinterfaces identical to default

ArcGIS Arctools. The NRCS toolsicludeprocesses fdnydro-conditioning, watershedetineation,

conservation planning and mofirect download link:

ftp://ftp.Imic.state.mn.us/pub/data/elevation/lidar/tools/NRCS _engineering/NRCS_GIS_ENGINEER

ING_TOOLS verl.1.7.zip

5 I Zumbro River Watersheldestoration PrioritizatioDigital Terrain Analysis
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1 High resolution aeriabrthophotos Orthorectified and georeferenced photos should be used to

ensure correct alignment with surface features. GolQolor Infrared CIR) photos with at least 5

meter restution are preferreavith leafoff photos (spring or fall) being ideal eBently acquired

FSA National Aerial Imagery Program (NAIP) digital photos from Spring, Summer, and Fall

throughout Minnesota are readily available at:

http://www.mngeo.state.mn.us/chouse/airpho

ArcGl S software users can connect the MNGEOG®G

negate the need to download any photos. Instructions for connactioere

http//www.mngeo.state.mn.us/chouse/wms/how_to_use_wms.html

1. Open ArcMap and click on 'Add Data'

2. Look in the Catalog, and click on 'GIS Servers'

3. Highlight 'Add WMS Server' so that it appears in the Name window, and hit 'Add’. An 'Add WMS Server'
window will popup.

4. To bring up the Imagery server, ty@itp://geoint.Imic.state.mn.us/cgi  -bin/wms? without quotes) in
the URL window. You can click on the 'Layers' button to see a list of the layers available under the wms.
Click 'OK".

5. To bring p the Scanned DR& e r v e mttp://gbointpméc.staie.mn.us/cgi  -bin/wmsz? 6 (without
guotes) in the URL window. You can hit the 'Get Layers' button to see a list of the layers available undet
the wms. Click 'OK".

6. Now when you look under 'GIS Servers' you have two neviesntt MIC WMS server (aerial
photography) on geoint.Imic.state.mn.us' and 'LMIC WMS server (quad sheet drgs) on
geoint.Imic.state.mn.us'

7. Stillin the 'Add Data' window under 'GIS Servers', highlight one of the services listed under #6 to bring it
into the'Name' window, then click on 'Add'. The service, with all of its layers, has now been added to
your ArcMap project.

1 Otheri Other useful informatiorould rangdrom regional data such asils(SSURGO dataand

Crop Productivity Indice§CPl); feedlos, culvers, and point source locations field specific

information such as individual landowner nutrient application yatdsting conservation practice

locations artificial drainage placement, etc.
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Preprocess DEM
Digital Elevation Malels can benefit from pynerocessing before terrain analysis is conducted. The
amountofprg@ogr ocessing required may depend on the u
(AOI) and its characteristics, and the resolution and quality of the drigild. A semiautomated
utility for both creating AOIs and hydrologically conditioning DEMs will be presented here.
Alternatively, advanced GIS users may find it advantageous to ¢theat@wnPython scriptandbr
ModelBuilder flow paths within ArcGl$ semiautomate prgrocessand terrain attributealculations
to decease processing times and ensumesistent outputs.

1 Activate Spatial Analyst Extension
This initial step is necessafyr certain Actool processes to run. ArcGIS will remember your
selection and automatically activaelected extensiorevery time the program is run

1. From theTools menu (ArcMap 9.x) o€ustomizemenu (10.x), seled& x t e n s and chack
on theSpatial Analyst extension.

" a

Extensions @

Select the extenzions pou want to uze.

----- [0 30 &nalyst
----- O &rcSecan

----- O Genogtatistical Analyst
----- [0 Maplex

----- O Metwanrk Snalpst

----- O Publisher

----- O Schematics
Spatial Analyst

----- O Tracking Ana st

Dezcrption:

Spatial Analyst 10.0
Copyright ©1333-2010 ESRI Inc. All Rights Reserved

Provides spatial analyziz tools for use with raster and feature data.

Ahout E gtensions

2. Click Close.
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9 Hydrologic Conditioning
Hydrologic conditioning (HC) is the process of modifying a DEM to change flow routing and

drainage. The most common practice of HC is
flow of water typically associated with road crossitagsl other obstruction®ne method of
removing digital dams is to fAbur nodownktreamst r e a

HC can be a time consumipgocessthus t is important to considevhetheryour project goals

would bendit from the operationpand if so, how much correoti is needed and at what scdter

instance, some projects magly warrantburning the largest culverts along high orggeams while

others may requirburningtile linesat the field scale.

Some points to consider:

o HC will only change terrain analysis attributes in close proximity taiti¢al dams removed

0 HC is mos useful when combined with ditl ing i if pit filling is not necessargr suitablen
your AOI, HC will provide minmal terrain analysis benefits. Howevimit filling is to be used,
hydro-conditionedDEMs will tend to produce more accurate terrain attribwtghin filled
depressiong~or instance, when filling all sinks in a DEM, HC can improve flow routing by
unblocking large depression areas that would otherwise fill with hypothetical water to force flow
over obstructions. The Stream Power Index signatures in timibeckeddepresionswill be
more representative of actual overland fimvensinks have been filled.

The leftimage shows an example of how wat
ponds (in blue) behind road crossings wh
using a norconditioned DEM. There are culver
present at both crossings (circled in yellow
though the DEM does not recognize culverts a
sees the road as an obstructianknown as a
RAIAGEE REY® LRSIt SRR
creation should be hydrologically correcte:
though the process can be time consumiaugd
small culverts may not show up in aeri
photography making field verification necessar

ArcGIS includes tools that can be used to hydrologically condition DEMs, sutbpasto Raster
(Vaughn2012) Several 2° party applicationslsoexistwith HC capabilities The NRCSGIS
Engineering toolset inbduced in the Data Acquisition sectisnone such utilityecommended for
its ability to burn streams through a seanitomated process digitizing culverts The user must
input culverts either bymporting a polyline shapefile or by manually digitizing their locations.

8 I Zumbro River Watersheldestoration PrioritizatioDigital Terrain Analysis
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See the Data Acquisitiosection for theNRCS tools zip file download link. Once the file is
downloaded to your computer, follow the readme instructions to install the software:

[from theversionl.1.7 ReadMit]

Installing the tools:

No special or admin privileges are required, simply unzip the zip file

to a local directory.

An "NRCS_GIS_ENGINEERING_TOOLS" folder will be created in specified
location. Within the NRCS_GIS_ENGINEERING_TOOLS folder there will be
an "NRCS Engineering Too Is.tbx" toolbox file and a "SUPPORT" folder.
The support folder contains the necessary scripts, files, and

symbology layers, and must always reside in the same directory as the
toolbox.

Adding to ArcMAP:

Enable the ArcToolbox window (if n ecessary), right click, and select
"Add Toolbox".

Browse to the location where the files were unzipped, then the

"NRCS_GIS _ENGINEERING_TOOLS" Folder within, and click once to select
or highlight the NRCS Engineering Tools Toolbox, then click the "Open"
button in the bottom right hand corner of the dialog box.

ArcMap Settings:

Make sure that the Spatial and 3D Analyst extensions are enabled by

going to the Customize > Extensions Menu (ArcGIS10) or the Tools >
Extensions Menu (ArcGIS 9.3). 9.3 Users should also go to the Tools >
Options Menu, click on the Geoprocessing Tab, and make sure that both
"Overwrite the outputs of Geoprocessing Operations” and "Add Results

of geoprocessing operations” options are selected. "Results are

temporary by default” should also be UN - CHECKED.

When properly setup in ArcMap, the NRCS tools should resemble the following image in your
ArcToolbox:
_@ MRCS Engineeting Toals
- w- & Field Office Tools
+& Practice Design Tools
+%g YWatershed Tools
+%g Terrain Lnalysis Tools

- By Utilities

o] I Zumbro River Watersheldestoration PrioritizatioDigital Terrain Analysis
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The following section will guide users on area of interst and hydrologic conditioning DEM pre
processing using the NRCS GIS Engineering Tdads manualAOIl raster dpping, see Appendix
section A.2

1. LaunchArcToolbox by clicking thetoolbar icon D (9.x) or ArcToolbox in the
Geoprocessingnenu (10.x).

Geoprocessing | Custornize  Windows

Buffer
Clip

Intersect

-,
%

L

&

Union

herge

A A R R K

Dizszolve

L4 o« &

Search For Tools

ArcToolbox

B OY 2@l

Environments...

Results

ModelBuilder

Pythion

Geoprocessing Resource Center

Geoprocessing Options..

2. Expand theNRCS Engineering Tools then expand thé/atershed Toolstoolset, followed by
theWatershed Delineationtoolset. Doubl#lick theDefine Area of Interesttool to start it.
Minnesota LIiDAR data acquired at the county level can contain very large file sizes. It is
therefore important to minimize the spatial area to be processed to reduce output files sizes ant
increase processing times. Thefine Area of Interesttool creates subset of a raster dataset
and will be used for this purpose.

Note: There are several additional ways to find this (or any) tool in ArcToolBox:

0 Select théndex tab at the bottom of ArcToolbox and scroll through the list to Ghgd
(Data Managementp.x).

o SelecttheSsearcht ab at the bottom and type in oOfil
(9.x).

o From theGeoprocessingnenu, choos&earch For Tools(10.x).
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27 L Define Area of Interest E'@
Browse ko and Select Workspace - [
CiibempiMRCS kool B
Impuk DEM -
| C:\temp\rasters\DEMDﬂ ﬂ E;-

Enter vour Area of Inkerest

@ Add features interactively:

1 —
*
. 3
+

' Usze features from:

Inkerval for Contours (Feet) (optional)
-
Choose DEM Elewvation Units (optional)
[Meters -
l Ik I l Cancel I lEnvirn:-nments... I I Show Help == I

3. Browse to and Select WorkspaceChoose your workspace folder where outputs will be stored
Select a destination directory without spaaed choose a name for the folder based on your
project o area of interest

4. Input DEM: Your DEM, preferably a 3m LiDAR elevation dataset.

5. Enter your Ar ea of Interest:Click theAdd feature icon (#1 circled red in above image), then
minimize theDefine Area of interestwindow. The cursor should be a cross icbhe add
feature tool works as a polygon editor, with each click creating a new vertex. Ttle isket
finished by double clicking to connect the first and last sketch ver@gasnally, theUse
features fromfield can be used with a compatible raster or vector file fitting you AOI

6. Interval for Contours (feet) (optional): Select desired contour focontours. If left blank, no
contours will be created

7. Choose DEM Elevation Units (optional):User preference

8. Click OK to run tool script. Several new layers will be added to your map

11' Zumbro River Watersheldestoration PrioritizatioDigital Terrain Analysis
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1. OpenNRCS EngineeringTools> Watershed Tools >Watershed Delineation >
Create StreamNetwork
TheCreate Stream Networktool serves mulfile purposest creates a stream network,
it is used to burn culvert locations, and it creates a hgdnalitioned DEM allvithin the
AOI established in the previol¥efine Area of Interesttool.

02 Create Stream Metwork = = ==
Select Project_AOI Feature - [
[20] = &

Digitize Culverts (optional)

@ Add features interactively:

' Uze features from:

Enter Stream Threshold in Acres

I i I I Cancel I IEnvianments... J I Show Help == I

2. Select Project_AOI feature:Select the AOI that was created by the previoagne
Area of Interest tool
3. Digitize Culverts (optional): Click the Add feature ico(#2 circled in red aboyehen
minimize the current witlow. The add feature function works as a line sketch tool. Use
the function to make a line that represents a culvert at any obvious or known locations
where a culvert exists. THgephthGrid layer created by the previous tdaéfine Area
of Interest can aidin showing where water backs up at impoundments such as road
crossinggfollowing figure). Culverts are likely to exist at these locations. Create as
many digitized culverts as necessary to ensure an accurate stream network representation
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; .
. Enter Stream Threshold in Acres: This value is the minimum contributing area
required to form a stream. The default value of 1 is adequate in most situations and will
form stream headwaters near catchment boundaries
. Click OK to run tool scriptSeveral new layers willdbadded to your map
o Note: The hydreconditioned DEMwill be created and calleédydroDEM but will
NOT be automatically added to your map. It is located inudmeeated file
geodatabase within the workspace you selectéakifirstDefine Area of Interest

tool.
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1 Pit & Sink Filling
Along with hydraconditioning,pit filling shouldalsobe considered before terrain attribute
calculations are made. This procedure fills depressions withthsfomal water flow and forces
drainage to the lowest possible outlBtese depressions can vary considerably in scale from an
isolated single cell to hundreds of contiguous cells covering well over a thousand berpt.
filling process may not be appriate for all areas, esgally where water is held and evaporated in
depressionsr where extensive tile drainage exists (see Case Studies section for exditriples)
however, a more consetixge approach than using a nélled DEM because it terglto err on the
side of overedmating flows(Galzki, et al. 2011) SPI signatures created from pit filled DEMs are
more analogous saturation excess rundfow pathsproduced from largetorm events than
unsaturated flowd~or SPI creatin, users maygenerallyfind filli ng pits most suitable for steep
sloping landscapes and less suitable for low relief areas, thoisdhghly advisable to experiment

with various pit fill Z |l imits, incl udalowng a
comparisonsa bemade amonghe SPlayers and helpetermine which besepresents the
landscape.
For CTI | ayer rautineshouldbewusdd acuratky idépictsudalce water storage.
1. OpenArcToolbox > Spatial Analyst Tools >Hydrology > Fill
. Fill ][ -E ]

Input surface rasker - 1

|dem_c|ipped ﬂ @

Cukput surface rasker

C:Usersikimme: 1 621 Documentst AroGIS Defaulk, gdbdem_fillim

Z limit: {optional)

| Ok | | Cancel | |Enviru:unments... | | Show Help == |

2. Input surface raster. Your DEM.If you used the NRCS Engineering tools previgugbur
Input surface raster will be hydroDEM for you hydreconditioned DEM, orYour workspace
folder name]_DEM for your norhydro-conditioned DEM If you manually created a clipped
subset of your original DEM, younput surface rasterwi | | be the 6dem_cl |
tool fields, select layers from the diflpwn, drag the layer to the blank fietnt browse to the
desiredayer by clicking on thedlder icon left of field.
3. Output surface raster. Browse b output workspace and name usingomething you can
remember, e.gdem fill . It may be useful to add thanit amount used to fill the DEMo that
uses can i dent i f ywhengacilating eyltiple filel DEEMS | | eni §§. 06 d en

or oO6dem_fillalléd
4. Z limit : The maximum elevation difference between a sink and its pour point to beUifigs.
wi || be the same as the DEM6s Z (vertical)

Note The default, which isichieved by leaving the Z limit field blank, will fill all sinks
regardless of depth
5. Click OK to run.The output surface raster iddeed to your map as a new layer
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I Filter
At times, LIDAR data expressed in fiiesolution DEMs can contagither errors or spurious
features which impede flow analgsand/or other terrain analysis, thougage anomalies are
becoming a notissue with advancing technology in LIDAR acquisitelong withimproved quality
control and assuranckeliverablesThefilter tool employs dow pass filter using a 3x3 moving
windowtoi s moot ho t he raster and.Cautionaoulé beasednwhene c
fillering, as it essentially 6dumbs dowrSinlatthpmt dat ¢
filling, it is recommended to run terrain analysis with both filtered andfittened processes and

determine which outputs best suit teerain The filter tool is typically run after pit filling

1. ArcToolbox > Spatial Analyst Tools > Neidpborhood > Filter.

., Filter E=N EoH ==
Input rasker

| DEM | @

Cukpuk raskter
CiUsersiDocumentst ArcGIs Defaolk, gdb Filker _dem

Filter tvpe {optional)
LT -

|grore Mol ata in calculations [optional]

I (a4 I I Cancel I IEnvianments... I l Show Help == I

2. Input raster. Your DEM. If pit filling was previously used, younput raster will be

6 d e m_ Iffpit flllihg@vas not used, but clipping was, younput raster wi | | be 6dem.
If NRCS tools were used, theput Raster will be hydroDEM or [Your workspace folder
name] DEM

3. Output raster. Browse to output wosdpace and name it, e.dem filter'.

4. Filter type (optional): the enhancement to be performed in the filter analysis
o0 Note The default is "LOW" which is requideto do thesmoothing we seek

5. Click OKto run

6. The outputaster is added to your map as a new layer.
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Calculate primary attributes

Primary attrilutes are derived directly from tiEM. The slopeflow direction and flow accumulation

primary attribdes will be used to calculate secondary attributes. Many of the other primary attributes

created herwiill be usedto visualize landscape surfaces and terrain attributes.

1 Slope
1. ArcToolbox > Spatial Analyst Tools > Surface > Slope

‘K\% Slope El@

Inpuk rasker

| derm_fill rm | @

Oukpuk rasker
Cisersitimme 162\ Documents) Arcial s Def aulk, gdbslope_dem

Cukpuk measurement (opkional)
PERCEMT_RISE -
Z Fackar (optional)

I (6] 4 I I Zancel I IEnvirnnments... I I Show Help ==

)

2. Input Raster. Your DEM. If pre-processing was used, this should be the final DEdted

A

such as 6dem_fill 6 or o6dem_filteréd.

w

4. Output measurement(optional): SelectPERCENT_RISE

o Note:lt is important br the rest of the analysis that you select PERCENT_RISE, even

thoughthe data will look the same.

5. Z factor (optional): For DEMs with vertical (Z) unitsni meterstype 1, or else leave as default

6. Click OK to run The output raster is added to your map agw layer.

1 Aspect
1. ArcToolbox > Spatial Analyst Tools > Surface > Aspect

Output raster: Browse to output workspagen d name out put

" Aspect (o[-

Input rasker
| derm_fill rm
Oukpuk rasker
CiUsersibimme: 162 Documents) drc G154 Defaulk, gdblaspect_dem

m

-

I (o] 4 I I Zancel I IEnvirnnments... I I Show Help ==

)

ayer

6s

2. Input Raster. Your DEM. If pre-processing was used, this should be the final DEM calculated,
such as 6dem_fill é& or oO0dem_filterd.

w

Output raster: Browse to output workgze and name ut p u taspeca ¢ e mo6 6
4. Click OK to run The output raster is added to your map as a new layer.
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1 Plan & Profile Curvature
Plan curvature is measured perpendicular to the direction of descent and describes
converging/diverging flow.tlis well suited for describing soil water content and characteristics.
Profile curvature is measured in the direction of maximum descent or aspect direction. It is a
measure of flow acceleration and suited for erosion/deposition rate and geomorphology
visualization.

Plan curvature Profile curvature

Convergent - accelerating Divergent - accelerating

Convergent - decelerating Divergent - decelerating
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1. ArcToolbox > Spatial Analyst Tools > Surface > Curvature

"{\% Curvature E'@

Input raskter

| derm_fill rm |

Cwkpuk curvature rasker
CUsersibimme: 162 Documents) ArcGIS Default, gdblourve_dem
Z Factor {optional)

1

Cukput profile curve raster {optional)

CUsersibimme: 162 Documentst drc G154 Defaulk . gdbpro_dem
Cukput plan curve raster {optional)
CiUsersibimme: 162 Documents) ArcGIS Defaul, adbiplan_dem

[ (04 ] [ Zancel ] [Envirnnments... ] [ Show Help == ]

2. Input Raster. Your DEM. If pre-processing was used, this should be the final DEM calculated,
such as 6dem_fill 6 or o6dem_filteréd.

3. Output curvature raster: Browse to output workgpc e and n a meurve Wtepndt |

4. Output profile curve raster: Browse to output workspace and relayera s O pr.o _de mb

5. Output plan curve raster: Browse to output workspace and nadiajgera s o6 pl.an _de mo

6. Click OK to run The 3 output rasters are added to the map as new layers.
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1 Hillshade
The hllshade tool creates a shaded relief Idyem a surface raster by considering the illumination
source angle and shadows. Theul@sg hillshade raster creatagpseudo 3M@isplayof topography.

1. ArcToolbox > Spatial Analyst Tools > Surface > Hillshade

£, Hillshade =N Eoh ==
Input raskter - 1
[dern_fillLm = &
Cwkpuk raster
CUsersibimme: 162 Documents) drc G154 Defaulk . gdbthe_dem

Azimuth {optional)
Altitude foptional)
[] kodel shadaws [optional]

Z Factar {optional)

I (6] 4 I I Zancel I IEnvirnnments... I I Show Help == J

2. Input Raster. Your DEM. If pre-processing was used, this should be the final DEM calculated,
such as 6dem_fill 6 or o6dem_filteréd.
Output raster: Browse to output workgze and name outpu | asy d e.mo
4. Accept defaults foAzimuth andAltitude

o Note:You can try checking oNlodel Shadows it can be helpful in visualization, but in

somecases it may make little difference.

5. Z factor (optional): For DEMs with vertical (Z) unitsn meters, entet, or else leave as default
6. Click OK to run The output raster is addénl your map as a new layer.

w
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1 Flow Direction
Arc Mapds FI ow Dacalalation neetihod tcatlenl tide8datyeritim.This method is
well suited to the identification of individual channels, chamegdvorks and basin boundesi
makingit suitablefor terrain analysis CSA identificatiorlowever, it is based on two simplifying
assumptions that do not capture the geometry of divergent flow over hifisibpe two
simplifications are the use of 8 discrete flow angles, and each pixel has a singledictvon
(Rivix, 2008) Due to thebkmrfi maict ewasaecatgdiaoyveirtdDs
limitations and therefore providm increased potential to improve terrain analysis results. Several
software programexistwith dedicatedEM processing offeringpoth D8 and Binfinite
calculationge.g. TauDEM, RichDEM,RiverTools etc.) The D8 method imbedded in the Flow
Direction ArcToolis used in this manuahough users are encouraged to process DEMstheatD-
Infinite method Flow Diregbn calculationif available.

1. ArcToolbox > Spatial Analyst Tools > Hydrology > Flow Direction

;\% Flow Direction E'@
Input surface rasker - 1
| dern_fill L | B
Cukput; flow direction raster
CUsersibimme: 162 Documents) drc G154 Defaulk, gdbi Flowdir_dem

[] Farce all edge cells to flow outward [optional]

Cukput drop rasker {optional)

I K, I I Zancel I IEnvirnnments... I I Show Help == J

2. Input Raster. Your DEM. If pre-processing was used, this should be the final DEM calculated,
such as 6dem_fill 6 or o6dem_filteréd.

3. Output flow direction raster: Browse to output workgze and name output layer
of liowde.mo

4. Click OK to run The output raster is added to your map as a new layer.
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M Flow Accumulation

1. ArcToolbox > Spatial Analyst Tools >Hydrology > Flow Accumulation

‘K\% Flowe &ccumulation E'@

Input Flow direction raster

|FI|:|WDir_dem ﬂ

Cukpuk accurmulation rasker
CisersiDocumentsaroalsDefault, gdb Flovedce_dem

Input weight raster (optional)

| =]

Cukpuk data bvpe (opkional)
FLOAT

[ ik ] [ Cancel ] [Enviru:unments... ] [ Show Help == ]

2. ForlInput Flow Direction Raster, use the output of Flow Direction from earlier step. If you kept
thesuggested namar,denmat wi | | be o6fl owd

3. Output accumulation raster: Browse to output workgze and name outplayer
0f | cowlae.mo

4. Accept defaults for othgrarameters

5. Click OK to run The output raster is added to your map as a new layer.
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Calculate secondary attributes
1 Stream Power Index (SPI)

1. Launch theRaster Calculator by clicking onSpatial Analyst Tools >Map Algebra > Raster

Calculator
‘K\% Raster Calculator E@
Map Algebra expression I
Layers and variables Exi:uZ &
<> DEM Flaat
7 || g q Foll==1l1=|] & na
<>Flnw.ﬁ.cc_dem Ink |E |
> FlowDir_dern p || 5 & * = == | Ln )
< Slope_dem Laglo
1 || 2 3 - < |[==|[ ™ || Logz
0 Mad
+ s, -
L ) Power

Lri{"Flowacc_dem" + 0013 * {"Slope_dem" J 1003 + .0013)

Oukpuk rasker
CisersiDocuments\ aroalsiDefault, gdbl spi

[ (] 4 ] [ Cancel ] [En'-.firn:nnments... ] [ Show Help == ]

2. Enter formula so the Map Algebra expresdmoks exactlyas follows Ln(("flowacc_dem" +
0.001) * (("slope_dem" / 100) + 0.001))

o Note:The spaces between operators are required for proper calculation

Output raster: Browse to output workgee anchame outpt | ay.er &6spi 6
4. Click OK to runcalculation

w
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1 Compound Topographic Index (CTI)

1. Launch theRaster Calculator by clicking onSpatial Analyst Tools >Map Algebra > Raster

Calculator
‘i\% Raster Calculator E@
Map Algebra expression |
Layers and variables Ex;:|2 &
<> DEM Flaat
7 || g ] Foll==1l1= || & na
<>Flnw.ﬁ.cc_dem Int |E |
<>F|DwDir_|:|em 4 || 5 & # = (== | Ln )
< Slope_dem Loglo
1 || 2 3 - < |[==|[ ™ || Logz
0 Mod
+ ! -
¢ ) Power

Lri{"Flowacc_dem" + .001) § ({"Slope_dem" } 100) + .001))

Cwkpuk raster
CiUsersiDocuments arcGIs Defaulk, gdbl ok

[ OF ] [ Cancel ] [En'-.-'iru:unments... ] [ Show Help == ]

2. Enter formula so the Map Algebra expression looks exactlylikg'flowa cc_dem" + 0.001Y

(("slope_dem" /100) + 0.001))

o Note The formula above is the sanaes the SPlormulawith the only diffeence being the
division betweerkrlow Accumulation and Slope.

Output raster: Browse tooutputworkspe c e and nametGout put | ayer

4. Click OK to run calculation.

w
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Visualizing terrain attributes

1 Terrain Attribute Comparisoh Often, the best way to understand differences in terrain attribute
calculations is to view each layer in conjunction with one another. By paying careful attention to a
specific portion of the landscape, one can overlay each of the terrain attributesadogter
understandingf the relationships between each attribute

1 Aerial Photo ComparisonUtilizing aerial photography is a great way to better understand your
landscape, and it may be possitu@alidatesome of theéargestfeaturesn your area ofnterestwith
aerial photos alon&Vhile groundiruthing is the most effectiveay to determin¢he accuracy of
terrain attributebased predictions of critical source ardhss is not always possibieespeciallyon
privatelyowned land. Furthermorphotos when used with flow accumulation and its associated
secondary terrain attributes, often help in assessing whetherfarthet hydrologic conditioning is
required for the task at hand.

1 Swipe function

1. To display theeffectstoolbar, righglick anywtere in the toolbar and select Effects.
2. Select the Swipe Tool to "wipe" a layer using a horizontal or vertical line across the screen

Layer: &> DEM ~ O % B o 500 12 5

[ Sweipe Layer: DER ]

w

Make sure the layer you want to "swipe" is shown in the "Layer:" box.
4. Click on the map and drag to swif@® notrelease mouse button; the mouse must be
depressedio get the swipe effgct

Example of swipdunction
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1 Symbology for Terrain Attributes

Often this is a matter of personal preference, but there are a few tips/tricks in display used for

specific terrain attributes:

1. SlopezColormap

variations

2. Flow AccumulationZVisualize upslope contributing area as if it were a watershed boundary.

3. CTIT Blue/wateri display highest valuegarkest

4. SPIlz Brown/sedimenkdisplay highest valuedarkest
1 SPYCTIl visualizationi Once calculated, the SBhd CTllayers arenot very informative without
first removing a majority of the cells that have low erog®RI) or ponding (CTljisk. Thelayer

histograns can be used to estimatghresholdor theseunwanted values for quick disyy changes.

More precise methods foetermining how many cells to remofrem thelayers araliscussed in
the Determining thresholdssection.
To modify the original SPand/or CTllayersto display percentile values:

1. Doubleclickonthel ayer i n the

Properties menu.

2. In Layer Properties, open the Symbology¢dh On
6 Cl as @)andine d & e

Tabl e

of Content s

methods, classes, and threshold valuespkie mind that any changesade herén Layer

Property Symbology will not modify the data in anywayyill only change the way the data

is displayed in the active ArcMap data frame.

the right side
classi ficat (3oTime GassKicatooh i c k
window will open.At this point users can experiment with several different classification

[

Layer Properties

| General | Su:uuru:el E stent | Drigplay |@| 1

Shiow:
nique Yalues

Stretched
Discrete Color

Draw raster grouping values into classes

Fields

Yalue “YALUE = Mormnalization

Classification
Matural Breaks (Jenks)

<Mone >

QEISSES[S v] [< Classify, .. jq

Symbol  Range

- :: 51551075 - -7.41021459
B -7 410214596 - -2.657593095
P -2 657393095 - -0.591673529
-0.591673529 - 2,301040863
2301040863 - 12.52885246

Label

-13.81551075
-7 410214595
-2.657595094
-0.591673529

£.301040364 -

- -7.410214596
- -2.657593095
- -0.5991673529
- £,301040363
12.52835246

[] Shows class breaks using cell values

[Tuse hillshade effect

Display WoData as :]

| oK

][ Cancel ][ Apply

)
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o0 The Classes pull down menu allows for the user to select the number of class breaks to |
calculated using the user defined classification pukthJsingclass breaks betweerahd
10 shoutl be appropriate fatisplays.

o0 With theclassification method, there is no rightvarong method to use, thougfie
Quantile and Natural Breaks (Jenks) classificatiothous often match well with
signature gradient&sii provides the following descriptiorier each classification
methodfrom their ArcGIS Help Resource Center:

U Equal interval divides the range of attribute values into egjgall sukranges. This
allows you to specify the number of intervals, and Arc@ilbautomatically
determine the class breaks based on the value.range

U Defined interval allows you to specify an interval size used to define a series of
classes with the same value range.

0 With Quantile classification,aeh class contains an equal numiiefieatures. A
guantile classification is well suited to linearly distributed data. Quantile assigns the
same number of data values to each class. There are no empty classes or classes w
too few or too many values.

U Natural BreakgJenks)lasses are bad on natural groupings inherent in the data.
Class breaks are identified that best group similar values and that maximize the
differences between classes. The features are divided into classes whose boundarie:
are set where there are relatively big dégferes in the data values.

U The Geometrical Interval classification scheme creates class breaks based on class
intervals that have a geometrical series. The geometric coefficient in this classifier
can change once (to its inverse) to optimize the classsampge algorithm creates
geometric intervals by minimizing the sum of squares of the number of elements in
each class. This ensures that each class range has approximately the same number
values with each class and that the change between intenailtyisdnsistent.

U The Standard deviation classification method shows you how much a feature's
attribute value varies from the mean. Class breaks are created with equal value rang
that are a proportion of the standard devidiarsually at intervalsof I, , M, or
standard deviations using mean values and the standard deviations from the mean.

0 The Data Exclusion optiotan be usetb exclude all data beloar aboveany user
determinedhresholdvalue

3. The simplest method for display is to use two clagsespresent all signatures over a certain
threshold. This thresholMhluei s at the userso discr étion,
calculating statistical thresholdse presented in tHgetermining thresholdssection.

o Forthe simplemethoddescribedhete s et Cl asses to 626 and
6Manual 6 in that order. Two values (seei | |
following figure). For this initial step, click and drag the lenbreakline to the
approximate loc&n shown in regards to the background histogram, or place it at the
break value of ~2. This can be easily fineed laterClick OK.
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N
Lower %\ E Ereak Yalues i
400000 =2 L
break |= i 0,544749952
3 i 2, 52685246
value : o
300000+ : :
200000+
100000+
4 @ b
0 T T I Ok
-13.81851075  -T.229419947  -0.643329144 594276166 1252885241 _

0 Back in the Symbology window, there will be two class symbols displaye black
and one whe 1 with the ranges associated with each to their right. The black symbol by
default will contain all values below the threshold we eh@sd the white contains the
values aboveDoubleclick the whiterectangle symbol and a colpalettewill appear
Click any color you prefer that -clicksthehi ghl
bl ack rectangle and choose fANo Col oré a
active, you can click O6Applyd thedowmee t
instantly, otherwise click 00K©®.
o Users vll likely want to tweak thehreshold value used to best represent the surface flow
paths(SPI) or ponding (CTI)n their area of interest.
U If the SPI signatures look too crowded or defeseample 1 beiw), thethreshold
values should be increased incrementajhyclicking and dragging the vertical break
line in the classification windowntil display resultare satisfactory and vieersa
for sparse SPI populatisiiexample 2.
Note: The symbol colors will need to be changed again after each classification
change.

0.544749352
12 52855246

Ex. 1

| I
-0.643320144  59427A16E 125288524
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4 009490351
12 52855246

| I
-0.643320144 5094276166 125288524
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U Treat the CTI layer using the same technique describige previous stepA proper
CTI threshold should display areas of impounded mast filling was used during
DEM preprocessing.

0544749952
1252855246

| |
-0.643329144 5.9427H166 125288524

40034505591
1252855246

-

I I
-0.643329144 594276166 125288524
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o Often itis preferable to display S&hd CTlsignatures with color gradients that represent
high and low values within the samgrsature. For this purpose wanuse the

classfication window with more than twolasses

0 Under Classification Met hod, choose 0C
Classes between 5 and 10 (user preference).

U We will use the Data Exclusion option to remove all values below shbict In the
Classificatiomlwisndowdbo xDatcdi EX AExc!
Under the Value tab, type your desigta exclusion range in the blatiar
instance, to exclude all values below a threshold value of 2, and a minimum value
range of14,youwo ul d -@mn2er ( Wit hout quotes). Th
value used can be below or above the true value respectively to ensure full exclusion
of data in the desired range.

Note: The range will be displayed in the underlying Classification windowen t
upper right, as Minimum and Maximum

U Click on the Apply button to see the changesintieer | yi ng wi ndowbo
ensure it matches your exclusion range. If the results are satisfactory, click OK on
both windows to return to the Layer Propertesdow.

s )

Classificatian [ 7 | =]
Classification Classification Skatistics
Method: | qQuantile - Count; 775691
Classes: g - inirnurm: -13.8155107
s aximurm: 12.5288524
Data Exclusian S == 363,82
Exclusion ... Sampling ... Mean: -4.58178317
Standard Deviation: 4,683859034
Columns: 1o < [] shew Std, Dew [T shiew Mean
% E g E % Break Walues %
o
400000 3 5| gl 8 oo -10,61948513
= = =
i &l & B i -3.691010378
— o (] [mm]
[ ! B -Z2.244653182
300000 -0.694934 758

s )

Data Exclusion Properties

Walue | Legend
Excluded values: -15 - 0.544743332

Enter valuez and/or ranges to exclude from the
clazgification separated by semicolons. For
example, 1; 3; 57 8.5 --121

12.52885240

=
i

4

Cancel

T 3
I 04
9144 59427B166 1252885241 ;J

(] H Cancel H Apply
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[P} [} [in}
gz = B 5
000035 & 2 2
ooy L o
il I B i
T om = o
0 | [y -—
60000
40000+
20000
1]

I I I
0.64306121 3618259023  6.599456836 955065465 125288524

U Inthe layer properties window, you can set your preferred color ramp for pixel
displayby clicking on the Color Ramp pull dowh may be best to match the highest
values with the darkest colors and lowest values with lightest.

Symbol  Range Label

-0.64806121 - 0.9579945895 0.64506121 - 0,957994595
-0.95?994895 - 1.371239803 0.957994895 - 1,371239805
:1.3?1239808 - 1.991107175 1.371239309 - 1,991107175
I:ll.gglltl?l?ﬂ - 31275350659 1991107179 - 3, 1275350659
-3. 127530689 - 12,52855246 312753069 - 12,52835:240

U As withthe two class display approach, you may find that the exclusion range used
allows t@ many or too fewsignatures for display. The mhed for correction is to
change the threshold value in the data exclusion range. If the signatures are too
crowded, increasthe threshold value closer to your maximum value, and vice versa.
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Determining thresholds
The SPI and CTI raster layers are most useful when displayed at a certain percentage of values above
threshold. The threshold depends mainlyamal topography and overall slopes, andé¢hsroften a
range of percentilgalues that will represent surface features sufficie@tmmonthreshold are
typically between the top ¥ of values for flat areas to the topolof values for high relief aas.

Using estimation to visualize treleolds was previously described. This section will detikral
methods for calculatingxact percentile values froraster layersThough not a necessary step for
locating potential CSAshe percent of SPI1 or CMalues displayednould be known to ensure
consistency among users, or if following SOPs and/or publishing rddettisods for creating
exportable SPI/CTI raster files with permanergét thresholds will also be explained in this section.

Whendetermining thresholdshé user must consider the spatial extent of the area being processed, as
software has limited abilities to process large data sizes. For instance, if using Microsofthigxcel,
maximum records affect ability to input LIDARata

Excel 2003 max recordd65,569
Excel 2007 max record&l, 048,575
Statistical PackaggsMany around 10 ntlion

If Excel maximum records become an issusgra may circumverthoselimitations by creating random
sanples from theéSPI rasta at a 95% or better confidence intervethere are also marsgatistical

software packagdbat can readily compute percentiles from large datasets as the free to use R
program (CRAN http://www.r-project.og/). Since thos@rograms often have a learning curve for even
basic functioning, using more familiar program such as Microsoft Excel may be preferahie.

manual willfocus on usindexcelfor threshold calculationg\ full explanation orusing theR statistical
softwarepackagdor percentile calculations presenedin the apendix (see appendix section A.4
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Calculating thresholds usingExcel:

When using Excel, first consider data size. Using 3m LIDAR derived attributes fré@ laof

2,332 acresomore will contain too many records to be contained in a single Excel 2007/Aheet
mentioned previously, there are ways to circumvent these limigafieo methods for using Excel
to calculate thresholds will be described in detail. One will use asrtexptext file(also known as
ASCII file) from ArcMap to be opened directly in Excel, while the other method will first use a
random sample from stream power index values to be opened in Excel.

i Raster to ASCII method
1. Launch theRaster to ASCII tool by clicking onConversion Tools > From Raster >

Raster to ASCII in ArcToolbox

.ar:\% Raster to A5CT E'@
Input raskter Il
E ~|
Cukput ASCIT raster File
Chkemplspi_text TET
[ (] 4 ] [ Cancel ] [Envirnnments... ] [ Show Help == ]
a. Input raster: Your SPI raster Iayer
b. Output ASCllrasterfile: Any f ol der | ocation of your

c. Click OKto run
o Note:lIf the output text file exceeds 250mb, users should consider proceeding with

other percentile calculation methods described in this manual

2. Open Microsoft Excel with a blank workbook
3. In Excel 20072010, choose thBata tab,and click onFrom Text from theGet External

Data group(pictured below)
In Excel 2003 and earlier, navigate to a&ta pull down menu and choosemport

mport Dataé

External Data > |
File Hame Insert Page Layout Farmulas Data Rewviews i e
™ by ! o o |da Connections 4 T
_@ @ =0 i 13 2l = 2AMFIH
Fram  From  From  From Other Existing Refresh il sort
Arcess  Web Text | Sources = Connections All - .
et External Data Connections )

AL | Get External Data From Text |

A Import data from a text file, E

@ Press F1 for more help.
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4. Browsetothesavedls pi _text 6 fil e cr eatThedlexplmmn i ou s |
Wizard will open.

5.1 n the step 1 of 3 window, <click the fADel
Criginal data type

Choose the file tvpe that best describes vour data;
i - (Characters such as commas or tabs separate each field.

" Fixed width - Fields are aligned in calumns with spaces between each field,

6. In step 2 of 3, under the Delimiters checkbox fieldsselect Tabcheck the Spadeox and
click Next

Delimiters

[] 1ab

[ semicolon

~

In step 3 of 3, leave the fields at default &hdk Finish
8. In the new Import Data window that appears, click. OK

’Impnrt Data @

where do wou want ko put the data?
@) Existing waorksheet:

ES

) Mew worksheet

IP[Dperties... I I (8] 4 I I Canicel I

9. The data from the text file is added to your current worksheet.

10. Notice that the first 6 rows of the sheet are populaféddata properties. These shoblel
deleted. Move your cursover the ' row headewntil the pointer turns into a right pointing
arrow mm then click and drag down to th& ow (fig. 2). Once the cells are highlighted,
right click anywhere in the blue highlighted section and choose delete. Once thededlader
are deleted, click any cell in the sheet to unselect the highlighted rows
o Note:lf the following d_arge Operatiodwarning box appears, click OK

’Large Operation @

The operation wou are about ko perform affects a large number of cells and may
kake a significant amount of time to complete, Are wou sure wou want to continue?

Mote: This operation will be performed automatically in 60 seconds i no response is received.

[] Don't show this again K ‘ [ """" Cancel
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i 2 T ——
"1 [heals 2873
P2 |nrows 2783
13 lxllcorner 518999
p =
4 yllcorner 4386006
15 |cellsize 3
S

vV 8 |[NODATA value -9399
[6R] -9959 -9959 -9959 -9959 -9999
E 3 -9999 -9999 -9999 -9999 -9999
L8 -993919 -994949 -993919 -994949 -99499
illll:l -9999 -9999 -9999 -9999 -9999
11 -993919 -994949 -993919 -994949 -993949
] 12 -9999 -9999 -9999 -9999 -9999

Figure 2

11.Many of the cellwill containavalueo® 999 whi ch i s Ar cvelaepA s d
cells containing thatalue will need to be removed as they will affect the peileent
calculation. The Find and Replace editing tooExcelcan be usetbr this purpose.
In Excel 20072010, from the Home tab, find the editing group (far right) and click on the
OFi nd & uSetloenc tabn d c h(picused beloVAEIpé a@ceiédd and |
dialog box will open.
Excel 2003 users should cl i ckindtélbe SEd ietct p d
Replacétab after the tool opens
o Note:The Find and Replace function can be quickly brought up by ty@itigF in all

Excelversions

= Autosum + A? \_?a

Fill =
j Sort & | Find &
2 Clear - Filter = |Select =

Editing Iﬁ Eind...

3. PReplace.,

[ Cl =  GoTo..

-9999 -9 G0 To Special..,
-93373 -3

Farmulas
-93313 -9

Camments
-93373 -3 o ]
_9999 g Londitianal Farmatting
9999 .9 Canstants
-9999 -0 Drata Walidation
-9959 -9 Ly Select Objects
-93313 -9 0

fly Selection Pane..
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12l n the Find and R®P®I9&®de dohdvahadd di, abddealethe y p e
Replace with  f amety. @his will replace aH9999 NoData cells with a blank cell.

Find and Replace @
Replace
Find what: | -9999| =
Replace with: |Z|
Options ==
I Replace Al I I Replace I I Find Al I [ Find Mexk ] I Close I
13.Cl ick 6Replace Al1l 6 to run the operation.

o Note:During this operation, Excel may become unresponsive. This is normal, and the
replace function may take several minutes to complete depending on data size.

14.You should receive a notice saying Excel has completed its search. Click OK.

hicrosoft Excel @

lol Excel has completed its search and has made 4144376 replacements,

15.To calculate perceites from the data, we will esthe builtin Percentilunction. The data
range will first need to be determined. The easiest way is to click the first cell in the upper
right-most corner of the sheet (A1) and type Ctrl+Shift+End. All active cells iwdhnksheet

wi || be highlighted. Make not e ADt6DFMh 29 6 @ w
as theywill be used for the percentile array.
16.Cl i ck a bl ank cell anywhere below the hig

quotes) and the peentile function will become active with formair(ay, k).
17.Forarray, type in your data range from the previous stepasthearsay ng t he f or
l eft cel |l : b oweDEB2MLMeNtype a arnrhad

Jfe | =percentile(al:DFM27IE, .35)
1 [ DES | DET | DEU | DEN | DEWY [ DEX | DEY

—lzpercentile(ﬁl:DFMETBE, .95)
| PERCEMTILE(array, k) |

18.For the k parameter, entgour percentile valuesuch as .95 for the §5ercentile threshold
value. Finish the function by ending with a closing parentheses and hitérgunction
will calculate the threshold of acceptance vdloen your original range of SPI or CTI
values
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1 Random point method

1. In ArcGIS 9.x, OperArcToolbox > Data Management Tools > Feature Class > Tools >

Create Random Points

In ArcGIS 10.x,0penArcToolbox > Data Management Tools > Feature Class > Create

Random Points

o0 Note:The Spatial Analysbr 3D Analystextension is required to use Create Random

Points with both ArcView and ArcEditdicenses
;\% Create Randorm Points El@

Oukput Location I
A Usersitimme 1 624 Documentsi ArciaIs Default, gdb

Cutput Poink Feature Class
random_painks

Zonstraining Feature Class (optional)

|.&OI_pDI§,ngn ﬂ

Zonstraining Extent {optional)

Top
250,000000
Left Right
0, 000000 250.000000

Eokttom
0,000000

Murnber of Paints [value or Field] {optional)
@ Long

Enter desired number of random points here
() Field

Minirurm Allowed Diskance [value or figld] {optional)
() Linear it

Meters
@ Field

[7] Create Multipoint Dutput [optional]

Mairnurn Murnber of Points per Multipoink {optional)

(] 4 ] [ Zancel ] [Enviru:unments... ] [ Show Help ==
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a. Output L ocation: Choose a geodatabase workspace as the output location. The Randorr
Point tool requires anxesting geodatabase, either file or personal, for output
compatibility. Fotlers will not be accepted by thol.
b. Output Point Feature Class Name t he output file Or anc
c. Constraining Feature Class (optional) This is the boundary of your Semhd/or CTI
layer(s).It mustbevector format (shapefile, coverage, or feature class). It is often easiest
to use the sam@utput Extent vector layer when clipping the original DEM to your area
of interest. If clipping was not udea polygon can be creataround your SPI layer for
use as th€onstraining Feature Class
d. Number of Points [value or field] (optional} Click the radio button next tbong, and
use the blank to input the desired number of random paietss should create enough
sample pointérom the population siz® ensure at least a 95% comicte intervalith a
1% marginof error. Table 1can be used to this purpose.
o Note:For determining population size of your SPI raster, see appendix s&diion
e. Leave the rest of the fields as defant click OK to runThe output feature class is
added to your map as a new layer.

2. OpenArcToolbox > Spatial Analyst Tools > Extraction > Extract Values to Points

"{\% Extract Walues to Points E'@
Input point features - [
. &
|randnm_p|:||nts ﬂ ]
Inpuk rasker -
[spi =l &

Cukput point features

0]

CUsersiDocuments ArcGIsrandom_spi,shp

[ ] Interpolate values at the point locations [optional)

[] Append all the input raster attributes to the output point features [optional]

I (04 I I Zancel I IEnvianments... I l Show Help == I
a. Input point features: Your o&érandom_pointsdé | ayer cr
b. Input raster: Your SPI or CTI raster layer.

c. Output point features: Browse to output workspa@and name output layer

0random_spi 0O
d. Click OK to run.The output shapefile is added to your map as a new layer.
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Table 1
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